A new method for the simultaneous interrogation of conventional two-beam interferometers and Bragg grating sensors is proposed and demonstrated. An unbalanced Mach-Zehnder interferometer illuminated by a low coherence source is used to act as a wavelength tunable source for the grating and as a path matched filter for a Fizeau cavity. The technique gives high phase resolution. The grating sensor gave a dynamic strain resolution of '-O.O5ichIHz at 20Hz and the interferometric resolution was better than lmradhiHz at 20Hz, corresponding to an mis mirror displacement of O.O8nm.
ABSTRACT
A new method for the simultaneous interrogation of conventional two-beam interferometers and Bragg grating sensors is proposed and demonstrated. An unbalanced Mach-Zehnder interferometer illuminated by a low coherence source is used to act as a wavelength tunable source for the grating and as a path matched filter for a Fizeau cavity. The technique gives high phase resolution. The grating sensor gave a dynamic strain resolution of '-O.O5ichIHz at 20Hz and the interferometric resolution was better than lmradhiHz at 20Hz, corresponding to an mis mirror displacement of O.O8nm.
INTERROGATION TECHNIQUE
Fibre optic Bragg gratings are attracting considerable interest as sensors for strain and temperature'. They may be formed by illuminating a fibre from the side by a periodically varying intensity pattern produced by interfering two plane waves of coherent UV light. The grating then reflects at the Bragg wavelength 2B=2nD where n is the average modal refractive index and D is the grating period. Placing the grating under strain causes nD, and so ?B to change. Monitoring the reflected wavelength gives strain and temperature information. Discrimination between the two effects has been demonstrated by monitoring the second order Bragg reflection2'3. The small size and dielectric properties of Bragg gratings makes them attractive for many applications including medical sensing and for use in smart structures.
Data is presented for a system using an unbalanced Mach-Zehnder interferometer illuminated by a low coherence source to interrogate Fizeau cavity and Bragg grating sensors. The MachZehnder interferometer filters the source spectrum with a sinusoidal modulation function so producing a channeled spectrum4. Modulating the interferometer path imbalance with a serrodyne waveform sweeps the peak output wavelengths in time.
The Mach-Zehnder interferometer acts as a wavelength tunable source for the Bragg grating sensor. The sinusoidal modulation function convolved with the grating transmission response produces a periodic intensity modulation in the reflected light -a carrier signal that is phase modulated by any signal applied directly to the grating. For unambiguous sensing the maximum expected strain level applied to the grating must correspond to no greater than one free spectral range of the channeled spectrum, so limiting any induced phase change to
The path imbalances of the Mach-Zehnder interferometer and Fizeau cavity sensor are greater than the coherence length of the source used so the individual interferometers do not produce interference fringes. However, both interferometers combined have path imbalances that differ by less than the coherence length of the source so together they will produce fringes5. In the composite system, the Fizeau cavity acts as a passive and remote sensing interferometer and the Mach-Zehnder interferometer as the transmitting interferometer. Low coherence interferometry reduces fringe contrast but the passivity and remoteness of the sensor that it allows can be more advantageous.
sensor.
These two techniques are used to recover high resolution phase information for both types of
EXPERIMENT
The experimental arrangement is shown below.
Output
An erbium doped superfluorescent fibre laser (SFFL) was used to illuminate the souce giving a power of -lOOjiW. The source spectrum had 2 peaks at 154 mm (bandwidth 6nm) and 1535nm Figure 1 Experimental set-up. BBS -broad band source, BPF -bandpass filters ( bandwidth 3nm ). The SFFL was spliced to the Mach-Zehnder interferometer which had arms 5m long and a path imbalance of 1 .5mm. One arm had 3m of fibre wrapped around a piezoelectric transducer (PZT) to modulate the path imbalance. The output leg of the interferometer was fusion spliced to a 3dB coupler to which two other 3dB couplers were spliced onto which the Bragg grating and Fizeau cavity were connected.
Known strains were applied to the Bragg grating using a PZT. The grating had a reflection coefficient of 55% and a O.2nm bandwidth centred around 1534.8nm at 25°C unstrained.
For an optical path difference of 15OO.tm, the interferometric wavelength to phase shift responsivity is 4.5x103 rad/j.te6. For an unambiguous sensing range the grating must therefore be strained no greater than
The Fizeau cavity consisted of a fibre and an external mirror mounted on a PZT. The cavity length was chosen so the path difference of the combined Mach-Zehnder and Fizeau cavity was within the coherence length of the source to produce a coherence-tuned composite interferometer.
InGaAs photodiodes were used to detect the signal. The gain of detector and amplifier was 17x1O7V/W and each possessed a noise floor of 26mVhIHz at .1kHz. Typical powers incident on the detectors were of order 1 OOnW.
A 1kHz serrodyne modulation signal was applied to an arm of the Mach-Zehnder interferometer using the PZT to produce a 2t peak-to-peak phase change. The interferometer then acted as a coherence-tuned interferometer for the Fizeau cavity and a wavelength tunable source for the Bragg grating. The modulation frequency was the carrier frequency of the system. The Bragg grating was modulated by a 20Hz sinusoidal function applied to the PZT producing a peak-to-peak strain of 18ie. The detector output was bandpass filtered at the carrier modulation frequency and was compared to the phase of the carrier signal using a lock-in amplifier, the output of which was recovered using a storage oscilloscope. The lock-in output is shown in figure 3 . The hysteresis of the Bragg grating PZT results in the sinusoid being imperfect. Figure 4 from a dynamic signal analyser connected to the band pass filter in place of the lock-in amplifier shows the carrier frequency and 20Hz signal. The 40Hz component is due to the hysteresis of the PZT.
An estimate of the sensitivity of the system was made by applying a O.6ie rms signal to the Bragg grating which gave a signal to noise ratio implying a minimum detectable strain perturbation of '.'50nc/'JHz at 20Hz.
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SAt PLE 0LT m 20 s Figure 3 Lock-in amplifier output response of the Bragg grating subjected to a peak to peak strain of 18i at 20Hz. Vertical scale is in arbitrary units and the horizontal scale 2Oms/division. Figure 4 Power spectrum of the Bragg grating subjected to the same strain as above. The 40Hz components are a result of PZT hysteresis.
A 20Hz sinusoidal modulation was applied to the Fizeau cavity giving a displacement of 7.6nm. The signal was recovered using a dynamic signal analyzer. Figure 5 Figure 5 Power spectrum from the coherence tuned interferometers at a carrier frequency of 1kHz.
The Fizeau cavity was subjected to an rms modulation of 7.6nm at 20Hz. Multiplexing is possible by having a branch network on the output of the Mach-Zehnder interferometer. The Mach-Zehnder interferometer is a limiting factor on the sensitivity and improvements could be achieved using an unbalanced integrated optic device. Its small path imbalance would increase the dynamic range of the grating and reduce the effects of phase noise on the optical phase recovered by the two-beam interferometer.
The grating sensor demonstrated a dynamic strain resolution of -O.O5/'dHz at 20Hz, while the interferometric phase resolution was better than lmradPiHz at 20Hz, corresponding to an rms mirror displacement of O.O8nm.
